NUMERICAL CONTROLLER 
BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

The present invention relates to a numerical controller for controlling 
machine tools and various types of industrial machines, and more particularly 
to a numerical controller for performing superposing control in which a motion 
command for a master axis is superposed on a motion command for a slave 
axis. 

2. Description of Related Art 

Control in which motion of an axis is superposed on motion of another 
axis is known as superposing control. Let us suppose that in an example of a 
machine tool having two control systems, a workpiece 1 fixed to a headstock 2 
is machined with a tool TI and a tool Til, as shown in FIG. 1 . As the 
headstock 2 is moved in a ZIm axis direction, the tool TI is moved in an XI 
axis direction perpendicular to the ZIm axis direction to machine the workpiece 
1, and the tool Til is moved in a ZIIs axis direction parallel to the ZIm axis 
direction and in an XII axis direction perpendicular to the ZIIs axis direction to 
machine the workpiece 1 . Here, the XI axis and the ZIm axis are called as 
first-system axes and an Xl-ZIm coordinate system is called as a workpiece 
coordinate system for the first-system. Further, the XII axis and the ZIIs axis 
are called as second-system axes and a XII-ZIIs coordinate system is called as 
a workpiece coordinate system for the second-system. 

In this machining, if the ZIIs axis is moved with the motion of the ZIm 
axis, the position of the ZIIs axis relative to the workpiece 1 does not change. 
Hence, when the workpiece 1 is to be machined with the tool Til, a machining 
program is created on the assumption that motion of the workpiece 1 in the 
ZIm axis direction is stopped. In actual machining, the ZIIs axis is moved by 
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superposing control in which a motion command for the ZIm axis is added to a 
motion command for the ZIIs axis. As a result, the tool Til moves and 
machines the workpiece 1 as instructed by the program. By performing this 
superposing control, the workpiece 1 can be machined with the XI and ZIm 
axes and with the XII and ZIIs axes simultaneously. In this superposing 
control, the ZIm axis is called a master axis while the ZIIs axis is called a slave 
axis. 

An example where the superposing control is performed according to 
commands of programs will be described. 

For example, for the first system, the following program 0 1000 is 
conceivable: 

O1000; 

G01 X0 Z0; motion command 

G01 X100. Z100.; motion command 

For the second system, the following program O2000 is conceivable: 
O2000; 

M80; ZIm-axis and Zlls-axis superposing control start command 

G01 X0 Z0; motion command 

G01 X100. Z100.; motion command 

M83; ZIm-axis and Zlls-axis superposing control terminate command 
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In this example, the superposing control start/terminate command are provided 
in the program O2000 for the second system. 

FIG. 2 is a diagram schematically showing position control by this 
superposing control. While the superposing control is being performed (in 
one example, from the time when a superposing control start command is read 
from a program till the time when a superposing control terminate command is 
read), a motion amount Szlm based on a motion command (II) for the master 
axis ZIm, which is obtained by the numerical controller in each distribution 
period, is added to a present value register for the master axis ZIm to update 
the stored coordinate value of the ZIm axis in a workpiece coordinate system 
for the first-system (12). The motion amount 5zlm is also inputted to a 
first-system servo processing section (13). Meanwhile, a motion amount SzIIs 
based on a motion command (HI) for the slave axis ZIIs is added to a present 
value register for the slave axis ZIIs to update the stored coordinate value of 
the ZIIs axis in the workpiece coordinate system for the second system (112). 
For the slave axis ZIIs, a motion amount (8zlls+5zlm) obtained by adding the 
motion amount 5zlm based on the motion command for the master axis ZIm to 
the motion amount SzIIs based on the motion command for the slave axis ZIIs 
is inputted to a second-system servo processing section (113). The 
above-mentioned superposing control is performed this way. The 
superposing control like this is already known to the public (see JP 10-270 13 A, 
for example). 

There are such cases that while the above-mentioned superposing control 
is being performed, over-travelling of the slave axis happens and an alarm is 
sent out, or a tool or the like moved by the slave axis interferes with another 
part, due to superposition of a motion command for the master axis on a 
motion command for the slave axis. 

As a way to prevent trouble like this, it is effective to cancel the 



3 



superposing control in advance when trouble like this is expected. However, 
when the superposing control is cancelled, a motion command for the master 
axis is no longer delivered for the slave axis. As a result, recognition of 
positional relationship between the master axis and the slave axis is lost, and 
hence recognition of positional relationship between the workpiece, which is 
moved by the master axis, and the slave axis is lost. 

When the superposing control once cancelled is to be restarted in the 
positional relation before the termination of the superposing control, it is 
necessary to calculate the positional relationship between the master axis and 
the slave axis again and set a slave-axis workpiece coordinate system on the 
basis of the obtained positional relationship, again. This however requires 
complicated calculations on the basis of various kinds of machine and 
workpiece data such as the workpiece coordinate value of the master axis and 
the workpiece coordinate value of the slave axis at the time the superposing 
control was cancelled and is to be start again. It is very difficult for an 
operator to perform the required calculations. 

SUMMARY OF THE INVENTION 

The invention provides a numerical controller capable of stopping 
motion of a slave axis during the superposing control without canceling the 
superposing control so that the superposing control is suspended, and then 
restart the motion of the slave axis so that the superposing control is resumed 
with ease. 

A numerical controller of the present invention performs a superposing 
control to control motion of a slave axis parallel to a master axis for moving a 
workpiece, by a superposed motion command obtained by superposing a 
motion command for the master axis on a motion command for the slave axis. 
The numerical controller comprises: means for receiving a slave-axis motion 
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suspending command commanded by a program or an inputted signal in the 
superposing control; and means for suspending the motion of the slave axis and 
subtracting an amount of the motion command for the master axis from a 
coordinate value of the slave axis in a workpiece coordinate system set to the 
workpiece when the slave-axis motion suspending command is received. 

The numerical controller comprises: means for receiving a slave-axis 
motion resuming command commanded by the program or an inputted signal; 
and means for resuming the motion of the slave axis so that the superposing 
control is resumed when the slave-axis motion resuming command is received. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration showing an example of a machine tool to which 
superposing control is applied, 

FIG. 2 is a diagram showing how the superposing control operates in the 
above example, 

FIG. 3 is an illustration for explaining the principle of the invention, 
showing the relation which a master axis, a slave axis and a workpiece show 
when motion of the slave axis is stopped during the superposing control, 

FIG. 4 is an illustration showing the relation which the master axis, the 
slave axis and the workpiece show during the superposing control, 

FIG. 5 is a diagram showing how the control operates when motion of 
the slave axis is stopped during the superposing control according to the 
invention, 

FIG. 6 is a block diagram showing relevant parts of a numerical 
controller according to an embodiment of the invention, 

FIG. 7 is a flow chart showing a preliminary process performed for the 
slave axis in the above embodiment, and 

FIG. 8 is a flow chart showing a process performed for the slave axis in 
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each distribution period in the above embodiment. 

DETAILED DESCRIPTION 

First, principle of the present invention will be described referring to 
FIGS. 3 and 4 with respect to the example of machining as shown in FIG. 1 . 
In FIG. 1, the axis on which superposing control is performed is the ZIIs axis 
as a slave axis. The XII axis does not have a direct connection with the 
superposing control. Hence, description will be made on the ZIm axis as a 
master axis and the ZIIs axis as a slave axis. For the sake of the concise 
description, elements or amounts related to the master axis and elements or 
amounts related to the slave axis are distinguished by adding suffixes "m" and 
"s", respectively. Further, elements or amounts related to a first system and 
things related to a second system are distinguished by adding letters "I" and 
"II", respectively. 

FIG. 3 is an illustration for explaining how control is performed without 
discontinuing the superposing control, after a slave axis motion suspend 
command is inputted. FIG. 3 shows a state at the time the superposing 
control is to be resumed after the master axis ZIm has moved by 5ZIm. Let 
us suppose that the coordinate position which the slave axis ZIIs took in the 
workpiece coordinate system set to the workpiece just before the superposing 
control was suspended is zIIs. 

Since the motion of the slave axis has been stopped, the coordinate 
position zIIs of the slave axis in the workpiece coordinate system has not 
changed. Meanwhile, since the master axis ZIm has moved by Szlm, the 
workpiece 1 has moved by Szlm. A position "a" on the workpiece 1 that 
confronted the tool Til just before the superposing control was suspended has 
moved to a position a' in FIG. 3. 
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When the suspension of motion of the slave axis is cancelled and the 
superposing control is resumed, in order to restore the positional relationship 
when the superposing control was suspended, it is necessary to move the tool 
Til by 5zlm. By this, the tool Til and the workpiece 1 as well as the master 
axis and the slave axis are brought back to the positional relationship which 
they had just before the superposing control was suspended. In this case, 
however, the coordinate value of the ZIIs axis in the workpiece coordinate 
system for the second system becomes zlls+8zlm, not zIIs which the ZIIs axis 
took just before the superposing control was suspended. Hence, in the present 
invention, a value obtained by reversing a sign of the motion amount 8zlm for 
the master axis ZIm after suspending the superposing control is added to the 
coordinate value of the slave axis ZIIs. Namely, the motion amount 5zlm for 
the master axis ZIm after suspending the superposing control is subtracted 
from the coordinate value of the slave axis ZIIs. As a result, after the 
superposing control is suspended, the slave axis ZIIs takes a coordinate value 
zlls-8zlm. 

This means that an origin ZIIso of the ZIIs axis in the workpiece 
coordinate system for the second system is shifted by +8zlm to ZIIso' . Then, 
when the superposing control is resumed, the slave axis is moved at the 
position having a coordinate value zIIs, which is the coordinate value that the 
slave axis had before it was stopped. Thus, the slave axis is moved by Szlm, 
so that the tool Til is adjusted to the position a' on the workpiece 1, and the 
master axis and the slave axis as well as the workpiece and the slave axis are 
brought back to the positional relation which they had just before the 
superposing control was suspended. 

FIG. 4 is an illustration for explaining the positional relationship which 
the master axis and the slave axis show during the superposing control. Let 
us suppose that a motion command based on which a motion amount Szlm is 



7 



designated is inputted for the master axis ZIm, and that a motion command 
based on which a motion amount 8zIIs is designated is inputted for the slave 
axis ZIIs. In this case, as shown in FIG. 2, the value obtained by adding the 
value 8zlm based on the motion command for the master axis to the value 8zIIs 
based on the motion command for the slave axis is inputted for the slave axis 
ZIIs. As a result, the tool TII moves by (8zlls+8zlm). Meanwhile, the 
workpiece 1 moves by 8zhn based on the motion command for the master axis. 
Hence, the tool TII moves relatively to the workpiece 1 only by SzIIs, namely 
by the motion amount based on the motion command for the slave axis, and 
performs machining. 

Meanwhile, as shown in FIG. 2, the coordinate value of the ZIIs axis in 
the second-system workpiece coordinate system is zIIs+SzIIs, since the motion 
amount SzIIs based on the motion command for the slave axis is added. This 
means that the original position ZIIso of the ZIIs axis in the second-system 
workpiece coordinate system is shifted from ZIIso by 8zlm to ZIIso'. 
Specifically, since the ZIIs axis that is a slave axis (tool TII) moved by the 
motion amount (8zlls+8zlm), the position of the ZIIs axis that is a slave axis 
(tool TII) should be obtained as (zlls+8zlls+8zlm) by adding this motion 
amount to the the pre-motion position zHs. However, actually, as shown in 
FIG. 2, only the motion amount SzIIs based on the motion command for the 
slave axis is added to the pre-motion coordinate value of the slave axis in the 
second-system coordinate system, hence the resultant coordinate value is 
(zHs+Szlls). This means that the coordinate value of the slave axis is a value 
obtained by subtracting the master axis motion amount Szlm from the actual 
motion amount. Thus, 

coordinate value of slave axis 

= pre-motion position + actual motion amount 
- master axis motion amount 
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= zlls+8zlls+8zlm-5zlm 

= zlls+8zlls ...(1). 
The above shows that when the superposing control is being performed, a 
value obtained by subtracting the master axis motion amount from the slave 
axis ZIIs actual motion amount should be added to the pre-motion coordinate 
value of the slave axis in the second-system workpiece coordinate system. 
The above also shows that the origin of the second-system workpiece 
coordinate system is shifted by the master axis motion amount. 

When the superposing control is suspended and motion of the slave axis 
is stopped, the slave axis moves by Szlls+Szlm = 0. Hence, from the 
expression (1), the coordinate value of the slave axis in the second-system 
workpiece coordinate system is as follows: 

Coordinate value of slave axis 

= zHs+SzIIs+SzIm-SzIm 

= zlls-5zlm ...(2). 

FIG. 5 is a diagram schematically showing how position control is 
performed when the superposing control shown in FIG. 2 is suspended and 
motion of the slave axis is stopped. 

A motion amount based on a motion command (II = 5zlm) for the 
master axis ZIm, which is obtained by the numerical controller in each 
distribution period, is added to the master axis ZIm present value register to 
update the registered coordinate value of the ZIm axis in the workpiece 
coordinate system for the first-system (12). The motion amount 8zlm is also 
inputted to the first-system servo processing section (13). Meanwhile, for the 
slave axis ZIIs, a motion command (HI) is not inputted to the updating part 
(112) for updating the registered coordinate value of the ZIIs axis in the 
second-system workpiece coordinate system nor to the second-system servo 
processing section (113). However, to the updating part (112) for updating the 
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registered coordinate value of the ZIIs axis in the second-system workpiece 
coordinate system, the value 8zlm based on the motion command for the 
master axis is inputted from the updating part (12) for updating the registered 
coordinate value of the ZIm axis in the workpiece coordinate system for the 
first-system. This value Szlm based on the motion command for the master 
axis is subtracted from the workpiece coordinate value of the slave axis ZIIs. 

FIG. 6 is a block diagram showing a numerical controller 100 according 
to an embodiment of the invention. The numerical controller 100 has two 
controlled axis systems each consisting of an X axis and a Z axis as shown in 
FIG. 1 . One of the two controlled axis systems is a first system (XI, ZIm), 
and the other is a second system (XII, ZIIs). The numerical controller 
controls a lathe machine tool through these controlled axis systems. A CPU 
1 1 is a processor controlling the whole numerical controller 100. Through a 
bus 18, the CPU 1 1 reads system programs stored in ROM 12, and controls the 
whole numerical controller according to the system programs. In RAM 13 is 
stored temporary calculation data, display data, and data of various kinds 
entered by an operator on a display/operation panel 20. CMOS memory 14 is 
backed up by a battery (not shown) and formed as nonvolatile memory that 
keeps what is stored even when power is turned off. In the CMOS memory 
14 are stored machining programs read through an interface 15, machining 
programs entered on the display/operation panel 20, and the like. 

The interface 15 allows the numerical controller 100 to be connected to 
external devices. A PMC (programmable machine controller) 16 sends out 
signals to an assist device of the machine tool, according to sequence programs 
stored in the numerical controller 100, through an I/O unit 17, to thereby 
control the machine tool. The PMC also receives signals from various 
switches and the like on a console panel provided to the machine tool body, 
performs necessary signal processing on the signals and delivers the signals to 
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the CPU 1 1 . The display/operation panel 20 is a manual data input device 
including a display such as a liquid crystal display or a CRT display, a 
keyboard, and others. 

Axis control circuits 30 to 33 for two axis systems each consisting of an 
X axis and a Z axis, which move tools TI and Til and a workpiece 1, receive 
motion command amounts for the individual axes from the CPU 11, and feed 
commands for the individual axes to servo amplifiers 40 to 43. Receiving the 
commands, the servo amplifiers 40 to 43 drive servo motors 50 to 53 for the 
individual axes. The servo motors 50 to 53 for the individual axes each 
include a position and speed detector. The servo motors 50 to 53 feed 
position and speed feedback signals from their position and speed detectors 
back to the axis control circuits 30 to 33, to thereby perform position and speed 
feedback control. It is to be noted that the position and speed feedback is 
omitted in FIG. 6. 

A spindle control circuit 60 performs speed control on the basis of a 
spindle speed signal and a feedback signal from a position coder (not shown). 
The spindle control circuit 60 sends out a spindle speed signal to a spindle 
amplifier 61 and speed-controls a spindle motor 62. 

The hardware configuration of the numerical controller as described 
above is already known in the art. 

In this embodiment, in order to temporarily stop the slave axis during 
superposing control and suspend the superposing control, commands are 
inputted manually or provided in a program. An example where the slave 
axis is stopped and the superposing control is suspended by commands 
provided in a program will be described. 

For example, for the first system, the following program 0 1001 is 
conceivable: 

O1001; 



G01 XO ZO; motion command 

G01 X100. Z100.; motion command 

For the second system, the following program O2001 is conceivable: 
O2001; 

M80; ZIm-axis and Zlls-axis superposing control start command 
M81; Zlls-axis (slave axis) motion suspend command 

M82; Zlls-axis (slave axis) motion resume command 

M83; ZIm-axis and Zlls-axis superposing control terminate command 

In this example, the slave axis motion suspend/resume commands are provided 
in the program O2001 for the second system. 

The processor 11 of the numerical controller 100 executes the program 
for the first system and the program for the second system as shown above, in 
parallel. 

Regarding the first system, the same process as a conventional one is 
performed, of which the description will be omitted. Also regarding the XH 
axis of the second system that is not a slave axis, the same process as a 
conventional one is performed, of which the description will be omitted. 

FIGS. 7 and 8 are flow charts showing processing according to the 
program for the second system. FIG. 7 shows processing performed by the 
processor 1 1 in a preliminary-processing period, while FIG. 8 shows 
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processing performed in each distribution period. 

First, preliminary processing shown in FIG. 7 will be described. 

The processor 1 1 reads one block from the program for second system 
(Step Al), and determines whether a command in the block is a superposing 
control start command or not (Step A2), whether it is a superposing control 
terminate command or not (Step A3), whether it is a slave axis motion suspend 
command or not (Step A4), and whether it is a slave axis motion resume 
command or not (Step A5). When the command in the block is none of these 
commands, normal preliminary processing is performed according to the 
command in the block read in Step Al (Step A6). 

When in Step A2 it is determined that the command in the block is a 
superposing control start command, a flag Fl is set at "1" in Step A7. When 
in Step A3 it is determined that the command in the block is a superposing 
control terminate command, the flag Fl is set at "0" in Step A8. When in 
Step A4 it is determined that the command in the block is a slave axis motion 
suspend command, a flag F2 is set at "1" in Step A9. When in Step A5 it is 
determined that the command in the block is a slave axis motion resume 
command, the flag F2 is set at "0" in Step A10. The above processing is 
performed in the preliminary-processing period. 

It is to be noted that in the case where a slave axis motion suspend 
command and a slave axis motion resume command are manually inputted 
from a keyboard or the like of the display/operation panel 20, the flag F2 is set 
at "1" with the slave axis motion suspend command, and at "0" with the slave 
axis motion resume command. 

In each interpolation period, the processing as shown in FIG. 8 is 
performed. 

The processor 1 1 determines whether the flag Fl is at "1" or not (Step 
Bl). When a superposing control start command has not been read and hence 
the flag Fl has not been set at "1", normal interpolation is performed. 

l 3 



Specifically, interpolation is performed on the basis of a motion command that 
has been obtained by the normal prelirninary processing in Step A6, to thereby 
obtain a motion amount SzIIs by which the slave axis ZIIs should move (Step 
B2). Then, the motion amount SzIIs for the ZIIs axis is added to the Z axis 
present value register R (zlls) to update the registered coordinate value of the 
ZIIs axis in the second-system workpiece coordinate system (Step B3). The 
motion amount 8zIIs obtained in Step B2 is also outputted to the axis control 
circuit 33 for the slave axis ZIIs (Step B4). The axis control circuit 33 
performs position and speed feedback control on the basis of this motion 
amount and a feedback signal from the position and speed detector (not shown), 
to thereby drivingly controls the servo motor 53 for the slave axis through the 
servo amplifier 43. As long as the flag Fl is not set at "1", the processing 
from Step Bl to Step B4 is performed in each interpolation period. 

When an superposing control start command has been read and hence 
the flag Fl has been set at "1" in Step A7 of the preliminary processing, Step 
B5 is performed after Step Bl, namely whether the flag F2 is at "1" or not is 
determined. When the flag F2 is not at "1", namely a slave axis motion 
suspend command has not been inputted, superposing control is performed. 
Specifically, first, as in Step B2, a motion amount 5zIIs by which the slave axis 
ZIIs should move is obtained by distribution (Step B6). Then, as in Step B3, 
the motion amount SzIIs for the ZIIs axis is added to the Z axis present value 
register R (zlls) to update the registered coordinate value of the ZIIs axis in the 
second-system workpiece coordinate system (Step B7). 

Next, a motion amount Szlm for the master axis ZIm of the superposing 
control in the present interpolation period is read (Step B8). For the slave 
axis ZIIs, the motion amount Szlm for the master axis ZIm read in Step B8 is 
added to the motion amount SzIIs obtained in Step B6, and the obtained motion 
amount (SzHs+SzIm) is outputted to the axis control circuit 33 (Step B9). 



Receiving this motion amount, the axis control circuit 33 performs position and 
speed feedback control as described above, to thereby drivingly controls the 
servo motor 53 through the servo amplifier 43. Thus, the slave axis ZIIs is 
driven to move according to the superposition of the motion amount Szlm for 
the master axis ZIm on the motion amount SzIIs for the ZIIs axis itself. 

The above-described processing of Step Bl and Steps B5 to B9 is 
performed in each distribution period until a superposing control terminate 
command is inputted and the flag FT is set at "0", or a slave axis motion 
suspend command is inputted and the flag F2 is set at "1". 

When a slave-axis motion suspend command is inputted and the flag F2 
is set to "1", the procedure proceed from Step B5 to Step BIO, where a motion 
amount 5zlm for the master axis ZIm of the superposing control in the present 
distribution period is read. Then, the motion amount Szlm for the master axis 
ZIm is subtracted from the present coordinate value (zlls) of the slave axis ZIIs 
registered in the register R (Step Bl 1). Like this, regarding the slave axis, 
after a slave axis motion suspend command is inputted and the flag F2 is set at 
"1", the processing of Steps Bl, B5, BIO and Bl 1 is performed in each 
distribution period. When a slave axis motion resume command is inputted 
and the flag F2 is set at "0", the above described processing of Steps Bl and 
B5 to B9 is performed in each distribution period. Further, when a 
superposing control terminate command is inputted and the flag Fl is set at "0", 
processing of Steps Bl and B2 to B4 is performed. 

In the present invention, when motion of a slave axis is stopped during 
superposing control and the superposing control is suspended for a while, and 
then motion of the slave axis is resumed and the superposing control is 
resumed, the positional relation which the master axis and the slave axis had 
just before the slave axis was stopped can be easily restored. Thus, the slave 
axis can be stopped freely without canceling the superposing control. 



